Objectives To investigate the prevalence of non-alcoholic fatty liver disease (NAFLD) in children and its relationship to metabolic syndrome, insulin resistance, and waist circumference (WC). Methods This was a population-based cross-sectional, case-control study. Cases were selected among students of a primary and junior high school, respectively, and ageand sex-matched control subjects were selected randomly (ratio of cases to control subject was 37:113). Results Of the 846 students, aged between 6 and 15 years, enrolled in the study and screened by ultrasonography, 37 children were diagnosed as having NAFLD (score C 1). There was a significant sex difference in the prevalence of NAFLD(P = 0.003). The trend test revealed a strong doseresponse relationship (P \ 0.001) between pediatric NA-FLD and the number of the proposed components of pediatric metabolic syndrome in Japan (MetS-JC), such as a clustering of the components of MetS-JC. Additionally, the linear trend of the odds ratios (ORs) with increasing percentile of the homeostasis model assessmentinsulin resistance (HOMA-IR) was statistically significant (P \ 0.001). However, when WC was added to the logistic model, the ORs were no longer significant, whereas WC turned out to be an independent risk factor for NAFLD regardless of the HOMA-IR index. Conclusion The prevalence of NAFLD in children and adolescents is closely related to metabolic syndrome, insulin resistance, and WC.
Introduction
The global epidemic of childhood obesity has become a serious public health concern [1] , and recent studies suggest that the prevalence of non-alcoholic fatty liver disease (NAFLD) is increasing in children [2, 3] , especially in obese children [4, 5] . This condition is considered to be the most common form of chronic liver disease in the pediatric population [6] . Although the natural history of NAFLD has yet to be defined, it ranges from simple steatosis, which is a slowly progressing disorder, to steatohepatitis, fibrosis, and even to cirrhosis [2, 3] . Rashid et al. [7] reported cirrhosis in children as young as 10 years. Although results from population-based epidemiologic studies are limited, the prevalence of NAFLD seems to be higher than expected [8] , and an earlier epidemiological survey carried out by our group found the prevalence of this condition among school children (4-12 years of age), as detected by ultrasonography, to be 2.6%, increasing to 22.5% among obese children [9] .
The aim of the study reported here was: (1) to determine whether each component of metabolic syndrome is positively correlated with the degree of NAFLD (doseresponse relationship); (2) to determine whether pediatric NAFLD is closely related to metabolic syndrome, insulin resistance, and waist circumference (WC).
As the components of metabolic syndrome, we used the provisional diagnostic criteria of pediatric metabolic syndrome in Japan proposed by the study group of the Ministry of Health, Labor and Welfare of Japan (MetS-JC) [10, 11] . The homeostasis model assessment-insulin resistance (HOMA-IR) was used as an indicator of the strength of insulin resistance. Three obesity indices, WC, waist-toheight ratio (WC/H), and body mass index (BMI), were examined and compared.
Methods

Study design
This was a population-based cross-sectional, case-control study. Cases and controls were selected among students attending a primary and junior high school, respectively. The controls were selected randomly and were age-and sex-matched (case:control is 37:113). Anthropometric measurements and ultrasonographic examinations were carried out on the entire study cohort. Biochemical parameters and blood pressure were also measured for both the case and control groups.
Participants and demographics
The study cohort comprised 846 students, ages 6-15 years, attending a public elementary school and a junior high school, respectively, in Asakawa, a town located in Fukushima Prefecture, northern Japan. Almost 100% of the offspring of the residents of this prefecture attend the district public schools; therefore, the participants can be considered to be representative of the general pediatric population of rural northern Japan. At the beginning of the first trimester in 1994, we distributed informed consent documents to the guardians of the students at both schools. The participation rate was 846/1006(83.1%). Based on an ultrasonographic examination and anthropometric measurements, we identified 37 students with NAFLD and subsequently randomly selected 113 age-and sex-matched controls. The ratio of cases to controls (37:113) was not precisely 1:3 due to factors beyond our control. The protocol was approved by the joint institutional review boards of the Health Educational Committee of the Town of Asakawa and the Fukushima Medical University in June 1994.
Data collection
Data were collected on three school-day mornings (October [26] [27] [28] 1994) . Weight (kg), WC (cm), height (m), and blood pressure (BP: mmHg) were measured following the guideline of the Japanese Ministry of Health, Welfare and Labor [12] . Ultrasonography is widely accepted as a surrogate method of liver biopsy in the survey of large populations [13] and is widely used as a tool for grading NAFLD [5, 14, 15] . Real-time ultrasonographic examination of the liver (3.5 MHz) was performed by three experienced ultrasonographers using an ALOKA-SSD650 unit.
The scoring of each of the three examiners was combined to make a composite score [9] . Each criterion was assigned a score that indicated the level of fatty liver infiltration, with a score of 2 indicating a distinctly positive (??) finding of fatty liver infiltration for that criterion, and a score of 1 indicating a positive (?) finding based on the criterion. A score of zero was assigned to the criterion when a negative (-) evaluation for fatty liver was found based on the criterion. The sum of the scores for the three criteria was then considered to indicate the degree of fatty liver infiltration. Thus, the score for the fatty liver indicator ranged from zero to 6, with a total score of 1 and 2 indicating a fatty liver, associated with a diagnosis of mild to moderate NAFLD, and a total score of C3 associated with a diagnosis of serious NAFLD. The criteria and scoring assignments were as follows. (1) The echo levels for the liver parenchyma and kidney parenchyma were compared. An evaluation was made of the relative increase in the liver versus kidney surface echo level accompanied by a high contrast between liver parenchyma and kidney parenchyma (liver-kidney contrast or liver-kidney echo discrepancy). A large discrepancy between hepatic and renal echoes resulted in a (??) finding. A slight increase in liver echogenicity, that is, a slight exaggeration of liver and kidney echo discrepancy, was assigned a (?) evaluation. A negative (-) evaluation of fatty liver was made when the echo level was homogeneous, and the contrast between the liver parenchyma and the kidney parenchyma was unclear. (2)An assessment was made of echo penetration into the deep portion of the liver. Ultrasonic penetration into the deepest portion of the liver is reduced due to interference from enhanced liver surface echogenicity. This results in opacity of the lower part of the liver and the loss of visibility of the diaphragm. A (??) evaluation was given when both indications were definitely present. The probable presence of both indications resulted in a (?) score, while a (-) evaluation meant that the liver structure was clearly defined from the surface of the liver to the diaphragm. (3) The clarity of liver blood vessel structures visualized in the sonograph, especially the veins, was evaluated. An (??) evaluation was assigned when liver vessel structures were obscure and the identification of the vessel walls could not be made. A (?) score was given if a loss of echoes from the vessel wall structures was observed. A (-) score resulted when the vessel structures and vessel walls could be clearly defined.
Measurement of obesity indices
The body mass index was calculated as the body weight divided by the square of height (kg/m 2 ). Waist circumference was measured at the umbilical level, with subjects standing and in the exhalation phase. The WC/H was calculated as waist/height. These measurements were taken after a 12-h fast, with the students dressed in light-weight clothing and without shoes. A recent report from Japanese researchers indicates that WC/H is a simple and practical index for assessing central fat distribution and metabolic risk [16] . To examine the biochemical parameters, we drew blood samples after a 12-h fast. The sample was sent to a commercial medical laboratory center for testing (SRL, Japan).
The provisional diagnostic criteria of MetS-JC have been proposed by the study group of the Ministry of Health, Labor and Welfare of Japan. The details of these criteria are described by Ohzeki [10] , but essentially children meeting at least three of the following criteria qualify as having the metabolic syndrome: (1) WC C 80 cm (prerequisite); (2) elevated BPs [systolic BP (SBP) C 125 mmHg and/or diastolic blood pressure (DBP) C 70 mmHg]; (3) low high-density lipoprotein-cholesterol (HDL-C \ 40 mg/dl) and/or high fasting serum triglyceride levels (TG C 120 mg/dl); (4) high fasting plasma glucose levels (FPG C 100 mg/dl). In terms of an obesity index, WC/H is also an acceptable alternative to WC. As mentioned above, immuno-reactive insulin (IRI) and the HOMA-IR index were included as biochemical/metabolic parameters.
Insulin resistance was evaluated using the HOMA-IR index and computed using the formula HOMA-IR = FPG (mg/dl) 9 IRI(mU/ml)/405, where FPG is the fasting plasma glucose level and IRI is the immuno-reactive insulin level. This value has been shown to correlate with euglycemic-hyperinsulinemic cramp studies and can be applied to children and adolescents [17, 18] .
Continuous variables were expressed as mean values ± the standard error (SE). A significance level of P = 0.05 was selected for all statistical tests. Data was analyzed by SPSS ver. 15 J for Windows (SPSS, Chicago, IL).
1. The Mantel-Haentzel chi-square was used to examine whether there was any difference in the prevalence of NAFLD according to sex (see Table 1 ). Table 2 ). Each subject was assigned a fatty infiltration score that represented the degree of NAFLD. The sum of the fatty infiltration scores resulted in the subject being categorized as non-NAFLD (category 1; score = 0); mild-moderate NAFLD (category 2; score = 1, 2); serious NAFLD (category 3; score = 3-6). For the above three categories of NAFLD, mean values ± SE of each component of pediatric metabolic syndrome, such as WC, WC/H, BMI, SBP, DBP, TG, HDL-C, and FPG, were measured and analyzed. The IRI level and HOMA-IR index were included to explore the relationship between NAFLD and insulin resistance. 5. Multiple logistic regression analysis was used to examine the linear trend of MetS-JC and insulin resistance (HOMA-IR) in terms of identifying NAFLD (see Tables 3, 4 ). 6. Receiver operating characteristic (ROC) curve analysis was used to compare the three different obesity indices to estimate the presence of pediatric NAFLD (see Fig. 1 ).
Results
As shown in Table 1 , of the 846 students, aged 6-15 years, enrolled in the study and screened by ultrasonography, 37 children were diagnosed as having NAFLD (score C 1). The prevalence of mild to serious NAFLD (score C 1) was 4.4% among the entire study cohort, and 6.6% in males and 2.0% in females when categorized according to sex. The prevalence of serious NAFLD (score C 3) was 1.4% among the entire study cohort, and 2.3% in males and 0.5% in females when categorized according to sex. As shown in Table 1 , among the study cohort, there was a sex difference in the prevalence of NAFLD (Mantel-Haentzel chi-square = 8.58, P = 0.003). This study was designed on the basis of a large-scale ultrasonographic survey. Therefore, it was essential that the independent ultrasonographers agreed with each other in terms of their evaluation of NAFLD. Agreement between the independent observers in terms of their numerical scoring for the presence of fatty liver was highly consistent (weighted kappa index = 0.866, P \ 0.0005; percentage kappa = 87.3%).
Our primary focus was an exploration of the relationship between NAFLD and anthropometric and metabolic parameters in the pediatric population. We first performed a univariate analysis using a logistic model to identify the estimated anthropometric and metabolic risk factors for NAFLD. We then investigated the risk factors for NAFLD increase in terms of the degree of fatty infiltration. As shown in Table 2 , we conducted a Kruskal-Wallis test and a Schaffe's multiple comparison to examine the difference between the three categories of NAFLD. The results of the Kruskal-Wallis test showed a statistically significant difference for WC, WC/H, BMI, SBP, DBP, TG, HDL-C, IRI, HOMA-IR, but not for FPG, according to the three categories of the degree of NAFLD-that is, there were significant linear trends with increasing degree of NAFLD. In addition, the results of the Schaffe's multiple comparison showed that WC increases linearly with increasing degree of NAFLD, with each pairwise comparison [non-NAFLD (category 1) vs. mild-moderate NAFLD (category 2), 2 vs. 3 (serious NAFLD), 1 vs. 3] showing significant differences. In terms of the trend of BPs according to fatty infiltration level, both the SBP and DBP were significantly higher in the serious NAFLD group compared to the control (normal) group (1 vs. 3). These results suggest that BPs are related to only serious NAFLD. With respect to the changes in lipid profiles, increasing TG levels were associated with an accumulation of fat in the liver, and a linear reduction of HDL-C was also observed (the 1 vs. 2, 1 vs. 3 comparisons both showed statistically significant differences in TG and HDL). However, the FPG level was not statistically significant between the three groups. Overall, these results strongly suggest that there were significant linear trends for the anthropometric and metabolic parameters, with the exception of FPG, with increasing degree of NAFLD.
We performed a multiple logistic regression analysis to determine whether there was a relationship between the clustering of MetS-JC components and the risk of NAFLD. The results were an OR = 7.0 (95% CI 0.09-55.82), OR = 19.8 (95% CI 2.30-169.61), and OR = 122.3 (95% CI 1.22-1,333.69) for one, two, and three or more components, respectively ( Table 3 ). The ORs for NAFLD increased with the clustering of the number of components (the linear trend was significant, P \ 0.001). A multiple logistic regression analysis was also performed to explore the relationship between insulin resistance and pediatric NAFLD. Table 4 shows that the ORs in terms of increasing grade of HOMA-IR index (compared to the B25 percentile). The fourth quartile compared with the first quartile was OR = 31.6 (95% CI 3.69-271.17). The trend test was statistically significant (P \ 0.001); however, when WC was added to the logistic model, it was no longer statistically significant, while WC was an independent risk factor for NAFLD (WC: OR 1.16, 95% CI1.09-1.23; results not shown in Table 4 ). In general, model fitting in a logistic regression was sensitive to multicolinearlities among the independent variables. We found a correlation between WC and the HOMA-IR index of r = 0.467 (P \ 0.001), which indicates that both variables can be placed together in the logistic models.
As shown in Fig. 1 , we applied an ROC curve analysis of NAFLD according to the three obesity indices. The area under the curves in terms of identifying pediatric NAFLD according to WC, WC/H, and BMI were: WC (0.880, 95% CI 0.818-0.941), WC/H (0.856, 95% CI 0.781-0.932), BMI (0.842, 95% CI 0.768-0.916), respectively. The best discriminating points (cut-offs) would have been: WC = 74 (sensitivity 81.8%, specificity 85.8%), WC/H = 0.5 (sensitivity 89.0%, specificity 81.0%), and BMI (sensitivity 83.8%, specificity 77.0%), respectively.
Discussion
Prevalence of pediatric NAFLD
The prevalence of NAFLD in the pediatric population is increasing with lifestyle changes that are leading to obesity. However, only a few population-based epidemiological studies have been carried out on pediatric NAFLD and its relationship to metabolic syndrome, insulin resistance, and WC. Among the entire pediatric population enrolled in this study, the prevalence of mild-serious NAFLD (score C 1) was 4.4%, with a prevalence of 6.6% in males and 2.0% in females. This result confirms the existence of a gender difference in the prevalence of NAFLD, which has also been shown in previous studies [2, 9] .
Metabolic syndrome and pediatric NAFLD
The primary aim of our study was to examine the relationship between NAFLD and metabolic syndrome. Metabolic syndrome is a complex condition and consists of interrelated metabolic abnormalities that increase the risk for cardiovascular disease, diabetes mellitus, and polycystic ovary syndrome in women [19] . Based the results of our study, the components of metabolic syndrome, with the exception of FPG, showed a linear trend in accordance to the degree of fat accumulation of the liver. These observations support the hypothesis that ultrasonographic grading of NAFLD is a useful diagnostic tool for estimating the grade of metabolic syndrome. If pediatric metabolic syndrome is an early symptom of NAFLD [20] , or vice versa, school-based screening for this condition would be a useful approach for detecting students at risk of developing cardiovascular disease and diabetes later in life. Population-based prospective studies are needed to clarify the causal relationship between NAFLD and metabolic syndrome.
Although FPG is one of the components of MetS-JC, it was not statistically significant between the three groups of NAFLD. Park et al. [21] also found that fasting blood glucose was not significantly different between pediatric NAFLD and a normal control group. Further, Genuth et al. [22] reported that only 1% of the overweight children demonstrated impaired FPG even when the new World Health Organization definition was applied. Further studies are needed to determine whether FPG should be included as a diagnostic criteria of pediatric metabolic syndrome or not.
The results of our study show that the risk of NAFLD increases according to the clustering of the components of MetS-JC (trend test, P \ 0.001). Insulin resistance and pediatric NAFLD Although pediatric metabolic syndrome has been proven to be a risk factor for NAFLD [21] , it is still unclear whether insulin resistance is an independent risk factor for pediatric NAFLD. Kawasaki et al. [23] suggested that hyperinsulinemia in obese children is the most important predictor of NAFLD; however, it has not been fully explored whether hyperinsulinemia is the primary disorder of NAFLD in children. Bugiaesi et al. [24] conducted an experimental study, and their results suggest that adipose tissue is an important site for insulin resistance development and resultant NAFLD, although this remains to be confirmed by further studies. Based on the Kruskal-Wallis test and Shaffe's multiple comparison, the subjects of our study showed significant linear increases of IRI and HOMA-IR levels with increasing degree of NAFLD. The HOMA-IR index has been widely accepted as an indicator of the insulin-resistant state. We showed that the ORs for NAFLD increased with increasing percentile of HOMA-IR index following an adjustment for age and sex. However, when WC was added to the logistic model, this trend of ORs was no longer significant.
Our results confirm the inference that there is a strong association between insulin resistance and NAFLD. However, the question of whether hyperinsulinemia or insulin resistance is the primary disorder of NAFLD in children remains unanswered.
Waist circumference and NAFLD
Waist circumference is recognized as a simple and variable parameter for estimating visceral fat accumulation and metabolic syndrome [25] [26] [27] . In the ROC curves analysis of NAFLD in relation to the obesity indices, such as WC, WC/H, and BMI, the area under the curve (AUC) showed only a slight difference, but WC appears to be the most sensitive obesity index for detecting pediatric NAFLD.
Interrelationships between NAFLD, metabolic syndrome, insulin resistance, and WC Manco et al. [28] conducted a cohort study and concluded that metabolic syndrome, insulin resistance, and NAFLD in children were interrelated. In their cohort study, Hamaguchi et al. [29] showed that metabolic syndrome is a predictor for NAFLD. In our study, we showed high ORs and a linear trend between clustering MetS-JC's components and the prevalence of NAFLD. In addition, we found that HOMA-IR appears to be a sensitive risk factor for NAFLD. This result indicates a dose-response relationship between NAFLD and insulin resistance. These findings support the importance of an ultrasonographic examination of NAFLD in children as a simple and useful tool to detect the insulin-resistant condition as well as metabolic syndrome because NAFLD may be a hepatic symptom of insulin resistance and/or metabolic syndrome. Thus, our cross-sectional, case-control study revealed a relationship between fat accumulation in the liver and the magnitude of insulin resistance and metabolic syndrome in the pediatric population.
A number of studies have shown that obesity per se is not always related to the development of NAFLD. Nobili et al. [30] reported that children with NAFLD are almost always insulin resistant regardless of BMI. Conversely, in our population-based study, WC was an independent risk factor for NAFLD regardless of HOMA-IR index. In addition, WC linearly increased with the degree of NAFLD.
We conclude that WC should be recognized as a simple and variable parameter to estimate liver fat accumulation. Hamaguchi et al. recently reported the results of a cohort study in which those participants with NAFLD and metabolic syndrome at baseline developed cardiovascular disease faster than their control counterparts. These researchers concluded that NAFLD-but not metabolic syndromeretained a statistically significant correlation with cardiovascular disease [31] .
Although further studies are needed to elucidate the interrelationship between NAFLD, metabolic syndrome, insulin resistance, and WC, it is clearly important to detect NAFLD in the early stage of life to prevent cardiovascular disease at a later stage. This should be clarified through well-designed prospective epidemiological studies and biochemical investigations.
Limitations of the present study There are several potential limitations to our study. Firstly, because of its cross-sectional nature, the causal relationship between the pediatric NAFLD and MetS-JC, insulin resistance, and WC was not fully explored. Secondly, the prevalence of pediatric NAFLD was low at the time of the study. This may reflect the large confidence intervals of ORs in the multiple logistic regression analysis.
Conclusions
In conclusion, NAFLD in children and adolescents has a close relationship with metabolic syndrome, insulin resistance, and WC. Ultrasonographic examination can be considered to be a valid and reliable procedure in any population-based screening for NAFLD. Among the anthropometric indices or biochemical markers, the most sensitive, simplest, and cost-effective index for the pediatric NAFLD is a WC measurement, although the MetS-JC and HOMA-IR index are also highly sensitive risk factors for NAFLD. However, in school-based surveys, cost-effectiveness considerations may recommend against the latter. The natural history of pediatric NAFLD has not yet been fully explored; however, children with pediatric NAFLD can develop cirrhosis. Although details of the disease pathogenesis in pediatric NAFLD remain unclear, it is necessary to explore the interrelationship between NAFLD, central obesity, insulin resistance, and resultant metabolic syndrome. To reduce the risk for cardiovascular disease and/or diabetes mellitus in adulthood, healthcare providers will have to find ways of preventing pediatric NAFLD. Such measures are urgently needed as part of child healthcare strategies.
